The purpose of this study was to investigate the effects of robot and computerbased intervention on learning action word symbols of augmentative and alternative communication (AAC) for three preschool children with autism spectrum disorder. Methods: This study used an adapted alternating treatment design to compare the effects of robots and computers on learning action word symbols of AAC. Twenty symbols of action words in the 'Ewha-AAC symbols set (Park et al., 2014; Yeon et al., 2016)' were selected and divided into two groups: Set A and Set B. Symbols of Set A and Set B were exposed through a robot and computer during three phases, which were the baseline, experimental, and generalization phases. Results: All three subjects who were trained using the educational robot showed improvements in comprehending action word symbols. However, only two out of the three subjects showed improvements in learning with the computer. In the case of generalization phase, all three subjects who were trained using the educational robot and the computer showed improvements. Comparing the improvement levels between the two interventions in both phases, the effectiveness of the educational robot was generally higher than that of the computer. Conclusion: Both methods had positive effects on learning action word symbols of AAC, while the robot-based intervention showed higher improvement levels than the computer-based intervention. 
verbs terms are found in the AAC system due to the vocabularysymbol interpretation phase. As verbs implicate movement, they are relatively harder to interpret than nouns, as it is necessary for these movements to be converted into stationary images. Such characteristics can cause AAC users to face difficulties in comprehending and utilizing the verb symbols.
A study has reported that the word finding ability of children with disabilities are affected by different parts of speech (Menyuk & Quill, 1985) . This study indicates that learning words with relational meaning, such as verbs, prepositions, and adjectives are harder to learn than non-relational words. Thurber and Tager-Flusberg (1993) also stated that children with disabilities show a significantly lower word finding ability than normal children in regards to verbs. Such reports prove the difficulties faced by children with disabilities in learning verbs.
Computer-based interventions have been widely implemented in clinical settings. Also, together with the advancement of technology and the robot industry, the role of robots in our society expands day by day. In addition to such facts, the use of robots as supplemental tools is also expanding in the field of education. Currently, numerous educational robot developments and studies are being conducted.
Therefore, considerations for the efficient use of computers and robots in educational and clinical settings have also increased.
Computers can also serve an important role. Not only can computer-based activities facilitate a broader range of educational activities to meet the various needs of children with mild learning disorders, but adaptive technologies now exist that can even enable children with severe disabilities to become active learners (Hasselbring, & Williams Glaser, 2000) . Research on the utilization of computer-based interventions in speech and language pathology of children has been actively performed since the late 1980s (Kim, Kim, & Park, 2005) . In the area of language therapy, various pictures are used by children to study words. Unlike traditional pictures that cannot show motion, computers can present pictures with motion so they can generate a higher intervention effect and attract children's attention and concentration abilities. According to the research that introduced motion words using computer animations, the children's verb expression accuracy improved and they showed a higher stimulus generalization toward pictures drawn with lines (Kim et al., 2005) . Also, the research that targeted patients with aphasia showed that using computer programs for treatment helped the patients improve their comprehension and expressive abilities (Chung, Kim, Sim, Nam, & Kwon, 2003) .
Recently, domestic studies have reported beneficial effects for language and social abilities through robot-based interventions.
To evaluate the educational effects from using the robots, the multimedia medium was compared for analysis. It was found that the story-telling conducted by robots helped in increasing the children' s word recognition, comprehension, and interpretation abilities (Hyun, Kim, & Jang, 2008) . Furthermore, according to the comparison between role play and robot utilized play, the robot utilized play was found to lead to more verbal and non-verbal interactions (Yong, Kim, Park, & Hyun, 2012) . According to another study utilizing robots, the results showed that robots provide more optimistic effects in increasing the overall social ability of the children (Kim, & Lee, 2013) . These studies prove the potential of robots as efficient supplements in the educational field.
Children with autism spectrum disorders have shown an interest in machine-like targets that are simple and operable. Thus, they enjoy interaction with the computer (Powell, 1996) . However, the computer is fixed at a certain place, and in the form of interaction it is a method of unilateral stimulation (Powell, 1996) . According to the study of Bernard-Opitz, Sriram, and Nakhoda-Sapuan (2001) , Eun Jung Choi , et al.
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However, a robot, instead of doing unilateral interaction through a screen, moves and provides two-way interactions (Robins, Dautenhahn, & Dubowski, 2004) . A robot has advantages such as various ranges of stimulations using software technologies, manipulation of specific shapes, and provisions for voluntarily induced and interested motives (Dautenhahn & Werry, 2004) . Due to such facts, robots are currently being used as alternatives for intervention.
Studies have emphasized the potential of robot-child interaction for inducing different types of responses from children with autism spectrum disorder (Lee, Kim, Yeon, Park, & Park, 2013) . According to the study conducted by Pioggia et al. (2005) , when interaction is stimulated through the use of robots, children with autism spectrum disorder showed increased levels of heart rate stability compared to normal people. This suggests means that children with autism spectrum disorder felt more comfortable with robots. Additionally, children with autism spectrum disorders stated that the robots seemed sad, and named them with names learned through story telling.
In accordance with such research, this study focused on exploring the effects of robot and computer-based interventions on learning the action word symbols of AAC for children with autism spectrum disorder. The experimental questions were as follows: (1) Are there any differences between the effect of robots and computers on learning action word symbols of AAC for children with autism spectrum disorder? (2) Will the effect of learning action word symbols of AAC generalize from individual words to words in a story context?
METHODS

Participants
Three preschool children with hospital-diagnosed autism spectrum disorder participated in the study. At first, four children participated in the study, but one of them was finally excluded because a stable baseline was not secured. Each subject was recommended by their therapists as having the ability to point and retain a proper posture for some period time. All of them had no experience with any type of AAC system or educational robots. Table 1 .
Experimental materials
Assessment materials
Communication boards: Communication boards with four static cells were used in the assessment phase. Static AAC symbols of the action words were selected from the Ewha-AAC symbols set and placed into the cells (Park et al., 2014) . Three out of the four cells were filled with foils that had been randomly selected from the 20 He can express what he wants by using a word or two word combination mostly including nouns.
She can express what she wants by using a noun.
He can express what he wants by using a word or two word combination mostly including nouns.
Motor ability
No limitation for pointing with their fingers to a specific visual symbol among four given visual symbols. 교육용 로봇과 컴퓨터를 활용한 자폐범주성장애 아동의 AAC 동작어 상징 학습 효과 • 최은정 외 action word symbols, and the remaining cell was filled with an action word symbol designated as an answer. The subjects were asked to point to the correct answer among the four action word symbols provided.
Storybooks for assessment: Two stories, which contained the 10 action words from Sets A and B, were used in the assessment phase.
The story with Set A was about a 'small concert' and consisted of nine sentences. The story with Set B was about 'catching a ball'
and consisted of eight sentences. Afterward, two A4-sized storybooks were produced with these stories and nine colored pictures.
The stories of Set A and B are presented in Appendix 1.
Intervention materials
Action words: Action words were selected from a list of high frequency action words acquired under age 3 by more than 75% of children (Pae & Kwak, 2011) . Afterward 20 action words were selected which were suitable for robot motions. Every subject of this study understood these 20 action words. The 20 action words were randomly arranged into one of the two sets (A or B) and used from baseline to generalization. Robot-based intervention and computer-based intervention were implemented with different sets of words.
The list of action words is presented in Table 2 . Table 3 .
To evaluate the validity of the robot's motions, 25 graduate students from the Department of Communication Disorders participated and were asked to score validity. Collected validity scores were averaged and used to counterbalance the level of difficulties between Sets A and B. The averaged validity scores are presented in Table 4 .
Experimental design and procedures
Experimental design
This study employed a single subject, alternating-treatment design (ATD) to assess the effects of two interventions, robot-based, and computer-based, on learning action word symbols. The robotand computer-based interventions were implemented alternately in order to compare the effects of both interventions on the learning of action word symbols. The learning sessions were conducted twice a week for 10 sessions.
ATD is a research method by which researchers conduct several interventions by turns with one subject and compare the efficiency among the interventions. In this manner, the application time among the interventions is balanced for comparison, and internal validity is established (Lee, Park, & Kim, 2000) . 
Experimental place and schedule
Every phase of the experiment was implemented at each subject' s house. Robot-and computer-based interventions were implemented alternately twice a week.
Experimental procedure
This study involved three phases: the baseline, experimental and generalization phases.
Baseline: In the baseline phase, the researcher presented the 10 action words from Set A and the other 10 action words from Set B.
Then, the subjects were asked to point to the symbols that matched The procedure of the intervention was as follows. First, the storybooks containing the action words of Sets A and B were read aloud to the subjects. On each occasion that an action word was read aloud, the relevant action word symbols with accompanying verbal labels were displayed to the subjects. At this point, in the case of robot-based intervention, the action word symbols with the robot's motions and verbal labels were displayed to the subjects. On the contrary, in the case of computer-based intervention, action word symbols with the researcher's verbal labels were displayed. To sum up, robot-based intervention provided static action word symbols through the robot' monitor, motion and verbal labels, while computer-based intervention provided static action word symbols through the computer monitor with the researcher' s verbal labels.
Generalization phase: Assessments were implemented before the baseline and after the experimental phases to figure out whether the effects of learning on action word symbols would be generalized from individual words to words in the context of stories. During this phase, subjects were asked to answer by pointing to symbols on communication boards about questions assessing the story, which were designed to have the action words as the answers.
Data analysis
Every session from the baseline to the generalization phases was recorded and scored. Each correct answer was scored as 1 point, and each incorrect answer was scored as 0 points.
To calculate the sizes of the effects of the interventions, the improvement rate difference (IRD) was calculated. IRD is calculated as the difference between the improved data points of a baseline and those in a treatment phase. 
Data reliability
To demonstrate the reliability of grading, a graduate student in the department of communication disorders was designated as a second observer, who was briefed on the study, the subjects and the method of assessment, and then scored by observing the recorded materials. Intervention was stopped after 90% accordance between observers occurred three times. Twenty percent of the recorded materials among the experimental phases were randomly selected, and all two sessions of the generalization phases were selected, scored and compared between the two observers. The intra-rater reliability was calculated by dividing the number of agreements by the number of agreements plus disagreements and multiplying the quotient by 100. The intra-rater reliability between the two observers was 96% for individual action word symbols, and 93% for action word symbols in the context of the stories.
Intervention fidelity
To ensure that the researcher consistently implemented robot and computer-based intervention, a speech-language therapist who has over 3 years of experience in speech therapy checked the researcher's performance. The questions for evaluating the fidelity were as follows: (1) Three sessions of interventions for each subjects were randomly selected and evaluated. Properly practiced items were scored as 1 point, and improperly practiced items were scored as 0 points. The score of intervention fidelity was calculated by dividing the score of intervention item which was implemented by the total score of item for intervention level which had to be implemented, and then multiplied by 100 into a percentage. The intervention fidelity for three subjects were all high: 100% on Subject 1, 94% on Subject 2, and 100% on Subject 3.
Social validity
To ensure that the robot and computer-based intervention on learning action word symbols was socially valid, the caregivers of the subjects were surveyed using a 5-point scale. 
RESULTS
Comparison between comprehension of action word symbols trained by robot and by computer
The results of the comparison between the comprehension of action word symbols trained by the robot and trained by the computer are presented in Table 5 and Figure 1 . Two out of the three subjects (Subjects 1 and 2) had higher mean comprehension scores when trained by the robot in the intervention phase, although the means of scores trained by the computer were higher in the baseline phase. However, in the case of Subject 3, the mean of scores trained by the computer was higher in the intervention phase, although the mean of scores trained by the robot was higher in the baseline phase.
In the case of Subject 1, both interventions showed improvements in the comprehension of action word symbols with a result of IRD 1 by the robot and of .88 by the computer. When comparing the efficiency between the two interventions on Subject 1 after intervention by the robot, the 4th, 6th, and 8th sessions showed higher scores and a stable trend with scores of more than 9. When the subject was trained by the computer, the 5th and 7th sessions showed higher scores and a relatively unstable trend when compared to robot intervention. Subject 1 showed the first perfect score at the 8th session in the case of robot intervention, and showed the first perfect score at the 9th session in the case of computer intervention. Perfect scores for both interventions were seen at the 9th, 10th, and 11th sessions. This result made the intervention end early because it had met the closing criteria, which is triggered by showing correct responses to all 20 action word symbols trained by both interventions in three consecutive assessments.
In the case of Subject 2, intervention by the robot showed improvements in the comprehension of the action word symbols with the IRD being .77, while intervention by the computer showed no improvements with the IRD being 0. The trend of the scores was relatively unstable in comparison with Subjects 1 and 3. When comparing the efficiency between the intervention by the robot and by the computer, the 4th, 7th, and 9th sessions showed the same scores for both interventions. However, the scores of the robot intervention were generally higher than those of the computer. Subject 2 6 (4-7) 5 (4-7) 7.3 (7-8) 7 (6-8) 6 (4-8) Intervention phase 9.5 (9-10) 9.1 (7-10) 8 (6-10) 7.3 (5-10) 9.6 (9-10) 9.8 (9-10) IRD 1 . showed the first perfect score at the 10th session in the case of robot intervention, and at the 13th session in the case of computer intervention.
In the case of Subject 3, both interventions showed improvements in the comprehension of the action word symbols with the IRD being 1 for interventions by both the robot and the computer.
When comparing the efficiency between both interventions, all sessions, except for the 5th, showed the same scores. Subject 3 showed Eun Jung Choi , et al.
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Comparison between generalization of action word symbols trained by robot and by computer
In the generalization phase, assessments were implemented before the baseline and after the experimental phases to observe whether the effects of learning action word symbols can be generalized from individual words to words in the context of stories. The scores of the action word symbols in the story context are presented in Table 6 .
In the case of Subject 1, the comprehension score of the action word symbols trained by either the robot or the computer showed 0 points for the assessment before the intervention at the generalization phase. On the contrary, for the assessment after the intervention at the generalization phase, the comprehension score trained by the robot showed more progress by 7 points, while that by the computer showed less progress by 4 points. This means that the action word symbols trained by the robot showed better progress in comprehension than by the computer, but Subject 1 showed less comprehension of the action word symbols at the generalization phase than in the last intervention session.
In the case of Subject 2, the comprehension score of the action word symbols trained by either the robot or the computer showed 1 point for the assessment before the intervention at the generalization phase, after which the score by either the robot or the computer showed 2 points. This means that the action word symbols trained both by the robot and the computer showed progress in comprehension, but the degree was low, as there was no difference between the two interventions.
In the case of Subject 3, the comprehension score trained by either the robot or the computer showed 0 points for the assessment before the intervention at the generalization phase. On the contrary, for the assessment after the intervention at the generalization phase, the comprehension score trained by the robot showed more progress by 5 points, while the training by the computer showed less progress by 1 point. This means that the action word symbols trained by the robot showed better progress in comprehension than by the computer. However, Subject 3, like the other subjects, showed less comprehension at the generalization phase than in the last intervention session.
CONCLUSION
In this study, the two methods of learning action word symbols with the robot and the computer were alternatively executed in order to determine their effectiveness in children with autism spectrum disorder. The conclusion is as follows.
Firstly, all three subjects who were trained using the educational robot showed big improvements in comprehending action word symbols. However, only two out of the three subjects showed improvements in learning with the computer. When comparing the improvement levels of effectiveness between the two interventions, the educational robot showed higher levels of effects on Subject 1
and Subject 2, while both interventions showed similar levels of effectiveness on Subject 3.
Secondly, all three subjects who were trained using the educational robot and the computer showed improvements in the generalization of comprehending action word symbols. When comparing the improvement levels of generalization between the two interventions, the effectiveness of the educational robot was noticeably higher than that of the computer on Subject 1 and Subject 3, while both interventions showed the same levels of generalization on Subject 2.
The following will discuss the implications of such study results and the limitations of the study.
Comprehension of individual action word symbols
This study showed that all of the subjects who were trained using the educational robot showed improvements in comprehending action word symbols. However, only two out of the three sub- (0-7) 2 (0-4) 1.5 (1-2) 1.5 (1-2) 2.5 (0-5) 0.5 (0-1)
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jects showed improvements in learning with the computer. When comparing the improvement level of effectiveness between the two interventions, the educational robot showed higher levels of effects on Subject 1 and Subject 2, while both interventions showed similar levels of effectiveness on Subject 3.
One of the possible variables that affected the improvement of comprehending action word symbols through the educational robot and computer was the presentation of verbal labels. When children with the autism spectrum disorder acquire new words, presenting verbal labels is more effective than not presenting them (McDuffie, Yoder, & Stone, 2006) . In Baldwin and Markman (1989) , it was shown that pointing with the verbal labels was more likely to draw participants' attention to the new object, compared to not using verbal labels. In this study, verbal labels were provided when action word symbols were exposed to the subjects, and it appears to have influenced the results in a positive way.
Next, utilizing assistive technologies, the robot and computer in this study, could be considered one reason for the improvement on learning action word symbols. This is because the assistive technology is an effective approach for enhancing the linguistic ability in children with autism spectrum disorder (Hong, 2008) .
In this study, intervention through the educational robot showed higher improvement in action word symbol comprehension than intervention through a computer. Considering that one of the biggest differences between robot-based intervention and computerbased intervention was the existence of the robot's motions, it might be possible that the robot's motions helped the subjects understand or remember the action word symbols. Various difficulties have been found in expressing movement with symbols (Mineo, Peischl, & Pennington, 2008) , and therefore action word symbols, which are expressed by static pictures only, cannot provide enough information and may cause confusion. In other words, the static pictures that were presented as action word symbols through the robot and computer screens might not be enough to express the meaning of the words. In this regard, the motions of the robot might have been effective in supplementing the static action word symbols.
A higher improvement rate by robot-based intervention also indicates that the subjects showed more interest in the educational robot. This is consistent with previous findings that elicited notable changes in disabled children with an approach using robots (Cook, Adams, Encarnação, & Alvarez, 2012; Robins, Dautenhahn, Te Boekhorst, & Billard, 2005) . Two subjects preferred the educational robot over the computer during the intervention stage. Subject 1 showed high interest towards the robot's movements. According to the caregiver's report, the child showed attachment behaviors that were never shown before such as expecting the intervention session or looking for the robot. In the case of Subject 2, it was observed that there was a higher imitation ratio towards the robotic voice than the researcher's voice. Unlike Subjects 1 and 2, Subject 3's levels of interest or reaction toward the educational robot and the computer were almost identical, which seemed to be influenced by the child's high preference for keyboards. Thus, no difference between preferences toward the two interventions seems to affect the similar levels of improvement.
The subjects' comprehension of action word symbols was more flexible in the baseline stage and beginning stage of intervention.
Their comprehension of action word symbols as well as concentration level during intervention rose towards the latter stages. This was due to the fact that the subjects' rejection of the researcher or intervention task diminished over time. In the beginning stage of intervention, it was difficult to keep the children seated because they were not accustomed to the researcher and intervention task, which could have influenced the intervention results. Children with autism spectrum disorder have particular difficulties in adjusting to new tasks. Therefore, it is suggested for researchers to establish sufficient rapport with the child before the intervention and make the child execute preliminary tasks that have no influence on the intervention at the same time.
Through this study, it became clear that the robot-based intervention and the computer-based intervention are both effective methods for learning action word symbols, and that a higher level of improvement can be elicited with the educational robot. Using the educational robot to learn action word symbols for utilizing Eun Jung Choi , et al.
• Robot and PC Intervention on AAC Symbols words to comprehending words in the context of stories, the level of comprehension of action word symbols before and after intervention was evaluated. As a result, when trained in action word symbols by using the educational robot and computer, all three subjects showed an improvement in comprehending action word symbols in the context of stories. When comparing the intervention effects of the educational robot and that of the computer, the educational robot showed a higher generalization for Subject 1 and Subject 3, while both methods showed similar levels of generalization for Subject 2 showed a relatively low level of improvement in both interventions. This is due to the fact that sufficient intervention on the symbols of action words was not performed. Concerning the intervention result, both interventions were completed early by Subject 1 and Subject 3 when they received 100% for 3 consecutive sessions while Subject 2 received 100% for the first time on the 10th session. In addition, Subject 2 showed an unstable improvement trend in comprehension score compared to other subjects. In other words, Subject 2 had a lack of comprehension in action words compared to the other subjects, which affected generalization.
Limitations and suggestions for further research
The current study has several limitations. First, the sample size was small, so it is difficult to generalize the results of this study.
Second, the levels of subjects were not widely and precisely considered. A follow-up study is needed to consider the levels of subjects in various aspects and reflect them in future studies more. Third, the tasks of this study were quite simple, so it might not be enough to determine the genuine effectiveness of both methods of intervention. It is necessary to examine the effects of interventions with more difficult tasks in future studies. 
